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1
Introduction

SA2 identified a topic on S-GW Relocation with the direct S1-U bearer option and provided the following statements in their LS [1]
3. For alternative 1A, the CN (MME and SGW) is involved in S1-U GTP-U tunnel switching for the bearer(s) served by the SeNB. Presence of IP connectivity between the Serving GW and the SeNB is assumed. During any SGW relocation the MME assumes that a SeNB can connect to the same SGW(s) as its MeNB. Therefore the MME does not need to be configured with any information regarding connectivity of SeNBs. No new requirements on S1-UP connectivity have been identified.
This contribution discusses the S-GW relocation case for DC by reviewing first the current standard for X2 HO and drawing conclusions for DC.
2
Discussion
2.1
S-GW for X2 HO

S-GW Relocation is described in TS 23.401 §5.5.1.1.3 in the context of X2 HO, showing an MME deciding to change the S-GW upon reception of S1 PATH SWITCH REQUEST. After having established resources at the target S-GW the S1 response message already contains the new DL addresses for the EPS bearers currently established for the UE.

Interesting is the prequel of the chapter, i.e. the text above Figure 5.5.1.1.3-1:

The presence of IP connectivity between the source Serving GW and the source eNodeB, between the source Serving GW and the target eNodeB, and between the target Serving GW and target eNodeB is assumed. (If there is no IP connectivity between target eNodeB and source Serving GW, it is assumed that the S1-based handover procedure in clause 5.5.1.2 shall be used instead.)

It can be noted that S-GW pools would need to be overlapping in order to allow S-GW change upon X2-HO. Otherwise – so stated in the cited text – the eNB would need to trigger an S1-based HO. But there is something wrong with the statement in brackets:

An eNB only knows about its neighbours S1-MME connectivity, i.e. its neighbour’s membership to MME-pools, not so for S1-U connectivity, i.e. its neighbour’s membership to S-GW-pools. Handling S1-U connectivity is up to the EPC, i.e. the MME would need to ensure that the S-GW is changed in time, e.g. in case an MME area comprises several S-GW areas (geographically) or MME areas do not match with S-GW areas. As the eNB is not aware of S1-U connectivity topology information of its neighbour eNBs, it cannot trigger S1-handover as stated in the quoted text above. Making sure that X2 HO wouldn’t result in a failure becomes a matter of proper network configuration and knowledge in the EPC to trigger S-GW relocation at the border of S-GW pools.
Observation 1:
The eNB may decide to trigger an S1 HO based on S1-MME connectivity knowledge of its neighbouring eNBs only; S1-U connectivity knowledge of the neighbouring eNBs is not foreseen in current E-UTRAN standards concepts.
There is another peculiarity with S-GW relocation at X2-HO: The current signalling scheme allows the S-GW relocation to be performed before the S1 Path Switch procedure is completed, i.e. the message flow shown in TS 23.401 Figure 5.5.1.1.3-1 shows the S-GW relocation to be nested within the S1 Path Switch signalling, where the newly allocated UL-TEID(s) are signalled to the target eNB.
In the rare event, that the X2-HO path switch fails due to insufficient S1-U connectivity to the current serving S-GW, the UE context in the target eNB would need to be released. This situation would be regarded as a consequence of network misconfiguration.
2.2
Possibility of Relocation of the S-GW during SeNB Addition /Modification
Now looking at dual connectivity scenarios for the direct S1-U bearer option, one can see that a similar situation as for the X2 HO is given:
-
The MeNB, when deciding to trigger the addition of SeNB resources, needs to make some assumptions on the SeNBs connectivity. In case of dual connectivity, the S1-U connectivity of the SeNB is of importance.

-
It is assumed that the MeNB would not trigger dual connectivity across MME-pool borders (as this would mean that the SCG would be within a different Tracking Area). Taking into account roaming and access restrictions as received via S1 as well, the MeNB may decide to apply the same principles for determining whether an eNB is eligible as an SeNB, as a source eNB would apply for determining whether  an eNB is eligible as a target eNB for X2-HO.

-
Performing S-GW relocation in the course of dual connectivity, i.e. when the E-UTRAN indicates the change of the DL-TEID for the E-RABs for which the direct S1-U bearer option was configured, would only be possible if the respective S1 procedure is able to switch all E-RABs for the UE.
I.e. a “nested” signalling approach as outlined in section 2.1 for the X2 HO case would not be possible, if the respective S1 procedure concerns only those bearers which DL-TEIDs have changed. In this case, S1 signalling for S-GW relocation would happen after S1 signalling for dual connectivity was completed (using the S1 E-RAB Modification procedure). 
-
The case where the SeNB has no connectivity to the current serving S-GW is seen as a rare event which should only happen in case of misconfigured networks. In that case it is assumed that the MeNB would remove the SeNB resources.
Observation 2:
The MeNB may decide to apply the same principles for determining whether an eNB is eligible as an SeNB, as a source eNB would apply for determining whether an eNB is eligible as a target eNB for X2-HO.
Now looking at the important statements within the SA2 LS [1]:
During any SGW relocation the MME assumes that a SeNB can connect to the same SGW(s) as its MeNB. Therefore the MME does not need to be configured with any information regarding connectivity of SeNBs. No new requirements on S1-UP connectivity have been identified.

The statements in the first two sentences quoted above can be only followed, if the MME would act, as if it would regard the involved eNBs independent from their role in dual connectivity (dual connectivity and the different roles eNBs may assume should be anyhow transparent to the EPC) and decide upon S-GW relocation based on its connectivity knowledge it should have to support S-GW relocation scenarios during X2-HO.
Only under these assumptions the statements outlined above are valid.

Observation 3:
The statements within the SA2 LS assume visibility of the role an eNB may assume for dual connectivity towards the EPC, however, their role for DC should be transparent to the EPC.  If the EPC could assume that the conditions for eNBs involved in dual connectivity are the same as for eNBs involved in X2-HO, the statements made in the LS would be valid/acceptable from RAN3 point of view. 
3
Summary and Proposal
This paper discussed the statements in the SA2 LS on S-GW relocation and S1-U connectivity assumptions and made the following observations:

Observation 1:
The eNB may decide to trigger an S1 HO based on S1-MME connectivity knowledge of its neighbouring eNBs only; S1-U connectivity knowledge of the neighbouring eNBs is not foreseen in current E-UTRAN standards concepts.
Observation 2:
The MeNB may decide to apply the same principles for determining whether an eNB is eligible as an SeNB, as a source eNB would apply for determining whether an eNB is eligible as a target eNB for X2-HO.
Observation 3:
The statements within the SA2 LS assume visibility of the role an eNB may assume for dual connectivity towards the EPC; however their role for DC should be transparent to the EPC.  If the EPC could assume that the conditions for eNBs involved in dual connectivity are the same as for eNBs involved in X2-HO, the statements made in the LS would be valid/acceptable from RAN3 point of view. 
The following is proposed:

Proposal 1: It is proposed to confirm observation 2: The MeNB applies the same principles to determine whether an eNB is eligible as an SeNB, as a source eNB would apply for determining whether an eNB is eligible as a target eNB for X2-HO.
Proposal 2: respond to SA2 on topic 4 in the following way:
Ad 4)
RAN3 understands the statement “Therefore the MME does not need to be configured with any information regarding connectivity of SeNBs. No new requirements on S1-UP connectivity have been identified.” in such a way, that configuration information concerning S1/X2 connectivity of eNBs available already today within E-UTRAN and the EPC is sufficient for dual connectivity operation, irrespective of an eNB’s  role in dual connectivity.
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